Incidence
Few attempts have been made to estimate the frequency of the disease in the general population. Clausen and Kober (1936) accepted an incidence of 1 in 1,000, based on the autopsy findings of Schmorl and Junghanns (1932) , who found six or eight definite cases among 10,000 bodies coming to necropsy at the city hospital of Dresden. More than half the spines were only examined in situ by palpation. Other figures relate to highly selected material. Bachmann (1930) found sixty-six examples among 3,201 spines he had studied radiographically. Willis (1933) found smooth ankylosis of the sacro-iliac joints in 1 2 per cent. of 1,509 museum skeletons. Boland and Shebesta (1946) found 18 per cent. affected among 6,000 consecutive admissions to an American Army Rheumatism Centre. The ratio of cases of " rheumatoid spondylitis " to " peripheral rheumatoid arthritis" among U.S. Army patients was reported as 1 to 3 (Boland and Present, 1945) .
The ratio in civilian practice has been estimated by various workers as 1 : 11, 1 : 13, and 1 : 19 (Hare, 1940; Dunham and Kautz, 1941 ; Tyson, 1937) , but the figures are of little value when an attempt is made to estimate the incidence of ankylosing spondylitis, owing to the selected nature of clinic material, the general misdiagnosis of mild cases in general practice, and the variable criteria of diagnosis adopted for both diseases.
In Bristol the orthopaedic work is centralized and there is reason to believe that almost all the cases diagnosed during the last five years have passed through the spondylitis clinic at the x-ray therapy department of the Royal Hospital. As only some 2 per cent. of the patients have been found to manifest the disease for the first time after the age of forty, it is possible to obtain a rough estimateof the number of cases in Bristol from a simple histogram (see Figure) . An average age at death of 60 years is assumed.
The total of cases from the City, both known cases and those assumed missed, is 144. If one further assumes that 70 per cent. of the population of 420,000 are, or have been, " at risk ", one arrives at an incidence of 1 in 2,000 of the general population " at risk ". This figure will be used below when the expected incidence of multiple cases within sibships is estimated.
After each world war it was suggested that the incidence had increased. The segregation at those times of young adult males with " rheumatic" complaints is the likely explanation of this clinical impression. Such Forestier (1940) thought the disease was rare in women, but Scott (1942) found 30 per cent. of women among his cases. The sex incidence reported in most large series of patients has been approximately ten males to one-female. At the Mayo Clinic the figures were 931 men to 104 women (Polley and Slocumb, 1947) . Of 134 patients seen here during the last ten years twelve were women, a ratio of 1 to 10.
Type and Occupation of Person Affected
The type of individual affected has been the subject of much comment. Two statements of Scott (1942) warrant attention. He found that 90 per cent. of three hundred were swimmers and divers, mostly well above the average. At Bristol forty-five of one hundred were found to be swimmers, not a high percentage for the district; and fiftythree had indulged in organized field games after leaving school. At least it may be said that the disease is found more among the active than the weaklings. Scott's other statement was that many had a characteristic facies, " ferret face ". Profile photographs were taken of a series of patients, but the practice was discontinued when it was realized that there was no common feature.
No occupational predilection has been noted. Of one hundred patients only thirty-three had been engaged in heavy manual labour. There is no evidence to suggest that economic factors are concerned. This picture of the disease coupled with the predominance of affected males and the work of Batson (1940) on the spread of prostatic carcinoma has suggested to Buckley (1945) the possibility that a " morbific agent " arising in the prostate may be the cause. The occurrence in some severe cases of prespondylitic lesions in the joints of the lower limbs, as well as the evidence to be presented below, detracts from this otherwise attractive theory.
The Connective-Tissue Ground Substance Of the symptoms attention is directed to the characteristic stiffness. This stiffness develops during rest and can be " worked off ", and though not peculiar to ankylosing spondylitis is a striking, persistent, and invariable symptom. Muscle spasm occurs commonly when the back symptoms are acute, but is quite different in nature from the stiffness. There is no evidence that it is due to abnormal tone and, so far, pathologists have been unable to detect any abnormality in biopsy material from affected muscles (Desmarais and others, 1948) . Any theory as to the aetiology of the disease must account for this stiffness as well as for the lesions in the spinal joints. As yet little attention has been paid to the connective-tissue ground substance. Hyaluronic acid would appear to be the lubricant of the tissues as well as of the joints, which latter are, embryologically, but clefts within connective tissue. An undue increase in the viscosity of the connective tissue lubricant might well occasion stiffness. There is evidence to suggest that the viscosity of this connective tissue ground substance is normally increased by rest (Duran-Reynals, 1942) Quinn (1948) has reported increased anti-hyaluronidase activity in the serum of patients with " active acute rheumatic fever ", and Glick and Gollan (1948) have reported an increase of inhibitor to hyaluronidase in the serum of patients with poliomyelitis. Whether a specific anti-hyaluronidase was concerned, or whether there was simply an increase in the non-specific hyaluronidase inhibitor of the serum, was not known. One wonders whether this has any bearing on the fact that many patients with quiescent ankylosing spondylitis experience a fresh access of stiffness with a febrile illness such as influenza.
Iritis.-The association of " diffuse " iritis is of great interest; it is not commonly associated with any other disease. Of one hundred patients, no less than fifteen had had iritis at least once, whereas Sorsby and Gormaz (1946) found only one patient with evidence of past iritis among 316 " non-rheumatic " hospital patients. This comparison is not quite true, since Sorsby and Gormaz recorded only objective evidence and did not accept " histories ". The iritis of ankylosing spondylitis often recovers without leaving any objective evidence. Schley. (1937) , studying diffuse iritis, found that of seventy-three patients fifteen had ankylosing spondylitis. The particular interest lies in the fact that the ciliary body contains hyaluronic acid and the aqueous and vitreous humours contain both hyaluronic acid and hyaluronidase (Meyer. 1947 ). Blair in 1942 drew attention to the chemical relation between cartilage and the ciliary body.
Effect of Pregnancy Pregnancy made little difference to one patient, but to another it occasioned considerable relief and an absence of back stiffness (objective) lasting for two weeks into the puerperium in two pregnancies.
Laboratory Investigations
Laboratory investigations have so far failed to reveal any abnormality in the inorganic constituents of the blood (Hemphill and Reeves, 1945;  (Hemphill and Reeves, 1945) , though a significant rise in alkaline phosphatase has been reported by Buckley (1945) . No distinctive pattern of plasma proteins has been noted. It has been said that the increased erythrocyte sedimentation rate points to an infective aetiology, but a number of non-infective conditions, such as gout and closed injuries, occasion a similar rise. In the cerebrospinal fluid the only abnormality noted has been an increase in protein (Ludwig and others, 1943) , most marked-up to 98 mg. per 100 ml.-in patients with active disease (Boland and others, 1947) . It is suggested that this is due to hyperaemia of the spinal meninges secondary to the intense activity in the adjacent joints and vertebral bone. The excretion of 17-ketosteroids has been found to be well above the normal range (Davison and others, 1947) . This work awaits confirmation. Steffens (1938) and others have postulated an underlying endocrine disturbance, and Kodderman (1939) treated his patients for an alleged hypofunction of the testes and pituitary, but the administration of androgenic and oestrogenic preparations by various workers has not resulted in any marked benefit.
No organisms have been isolated from affected joints. Gonorrhoea has been regarded by many as a factor in the aetiology. Sir Jonathan Hutchinson suggested that gonorrhoea was the cause of the case that Davies-Colley described so clearly in 1885. Recent studies in America have shown that a history of gonorrhoea is no more common among patients with ankylosing spondylitis than it is among the general army population. Scott (1942) tried to incriminate the tubercle bacillus. He found evidence of calcified mesenteric glands in 95 per cent. of four hundred radiographs. This finding has not been confirmed by others. The radiographs of a hundred patients seen here revealed only sixteen examples. Goldfain (1943) Calcification in the ligamentous attachments about the pelvis, seen best between the alae of the sacrum and the ilium and at the attachment of the hamstring muscles to the tuber-ischii, is also proportional to the strain imposed. This was well shown in a severely .affected patient who had had an amputation through one thigh in childhood. Buckley (1945) postulated a defect in the metabolism of bone alkaline phosphatase giving rise to a mobilization of calcium from the bone and its immediate deposition in the adjacent ligaments.
Froln a study of many serial radiographs it is clear that the ligamentous calcification is often long delayed in the presence of marked osteoporosis of the vertebrae. The joint pathology so far described resembles microscopically that found in rheumatoid arthritis, but muscle biopsies have failed to reveal the extra-articular pathology of that disease (Desmarais and others, 1948) . Guntz (1933) , who made one of the first thorough histological studies of the joint lesions, could find no abnormality in the vertebral bodies.
Effects of Treatment
The effect of treatment has not thrown any light on the nature of the disease, though Blair (1942) has speculated in this connexion on the disappearance of mast cells from the vicinity of tumours following irradiation. (Mast cells produce heparin -mucoitin polysulphuric acid-a substance chemically related to chondroitin sulphuric acid and hyaluronic acid.) Deep x-ray therapy, especially "intensive" treatment, does relieve severe pain and facilitate orthopaedic measures, but how it brings this about is -not known. Whether x-ray therapy affects the course of the disease is as yet uncertain, for most reports of treatment have been couched in very similar terms for the last twenty yewrs (Woldenberg, 1924; Stockman, 1926; Krebs and Vontz, 1934; Swaim, 1939; Forestier, 1939; Smyth and others, 1941; Hilton, 1943 ; Wyatt, 1945 ; McWhirter, 1945 ; Williams, 1948) .
Hereditary Factors Though many reports have been made of families with more than one affected member (for example that of Campbell, 1947) , statements to the effect that inheritance plays no part in the aetiology of the disease are still to be found in the most recent textbooks. In 1938 Clausen and Kober published a paper on the inheritance of " Becheterew's " disease. They pointed out the fact so often forgotten that " history taking " does not reveal nearly so much as a thorough investigation of the family. They investigated the -families of ten cases from among eighty-one; the others, they said, were too difficult to get hold of. In these ten families they found nine secondary cases, four alive and five dead (three with medical evidence and two without). They found one secondary case in each of three families, two in one fa-mily, and four in one family. Although they mentioned no criteria for diagnosis, their evidence was certainly impressive. Rogoff and Freyberg (1948) studied 114 patients and found thirty-four with family histories of disabilities of the back. Of these thirty-four they investigated eighteen and found ten families with multiple cases. They estimated a family incidence of 9 to 13 per cent. Of the hundred patients studied in this series there were ten who knew so little of their families that the recording of their histories was worthless. The remaining niinety patients came from eighty-three families. In these there were ten secondary cases among brothers and sisters. Eight families contained two affected members, and one three. The incidence of multiple cases within sibships was thus nine in eighty-three, or approximately 11 per cent., which is more than a hundred times greater than would be expected assuming a random distribution.
Taking the incidence among those at risk as 1 in 2,000 and the fact that the average number of individuals per affected sibship was 4 45, and assuming a random (Poisson) These figures are likely to under-estimate the incidence of multiple cases within sibships, since a number of sibs with suggestive symptoms have so far remained inaccessible. The existence of the disease in other than siblings has not been recorded, since the material so far collected is as yet too incomplete.
Speculation as to the reason for the uneven sex incidence led to the question, " Why do nine out of every ten women, who presumably inherit the abnorri ¶al genetic material, fail to manifest the disease ? " This in turn led to a further study of the families of those women who had manifested the disease, and it was found that of the ten women who had brothers no less than four had an affected brother.
The acceptance of these findings depends upon the acceptance of the fact that bilateral sacro-iliitis is " ankylosing spondylitis ". It is here assumed that this is the case for three reasons. First, because most cases of bilateral sacro-iliitis do subsequently develop radiological evidence of involvement of the lumbar. spine. Of forty-five patients who, when first seen, had only sacro-iliac involvement, thirty-two have already progressed to lumbar spine involvement. Secondly, because it is not possible to differentiate between those cases which will progress to spinal involvement and those which will not. Thirdly, because cases showing radiological evidence of sacro-iliitis alone may be found among the brothers and sisters of the severely affected (? forme fruste). The requirements for diagnosis were, in addition to a typical history of signs and symptoms, radiological evidence of bilateral sacro-iliitis which in its minimal form had to show at least multiple circumscribed areas of sclerosis or relative osteoporosis in the lower part of the joint. It has been said that the earliest radiological signs were " lack of definition ", " ground-glass appearance ", and " haziness ". An x-ray study of the sacro-iliac joints of forty normal University students showed that such appearances could not be accepted as criteria of sacro-iliac involvement.
The facts reviewed are consistent with the finding that heredity plays a major role in the aetiology of the disease. Further study of the relatives of patients, other than siblings, is required to establish the type of inheritance involved. This study might well be coupled with a search for cases of rheumatic fever among both patients and relatives, since many workers suspect some relationship between acute rheumatism and ankylosing spondylitis (Polley, 1948) . Several patients in this series had attacks of polyarthritis intermediate between acute rheumatic fever and rheumatoid arthritis, either before or at the onset of their spinal symptoms. Twelve gave a history of having had acute rheumatic fever, and five actually had mitral stenosis.
The mechanism of expression of the defective genetic material must now be sought. It is suggested that a histochemical study of biopsy material from normal and acutely affected-structures may provide a first step.
Summary and Conclusions 1. The facts concerning the disease which might be expected to have a bearing on -its aetiology are reviewed and some of the theories so far propounded are discussed.
2. Observations on the nature of the disease process and of the affected joints are made, and emphasis is laid on the chemical relationship that exists between the affected structures (connectivetissue ground substance, synovial fluid, the chemical constituents of the eye, cartilage, and ligament).
3. The incidence of the disease in the general population is discussed, and evidence is produced which suggests that the inherited factor is sex influenced.
4. It is concluded that the facts so far known point to a local metabolic defect in articular structures subject to continuous stress and in boneligament attachments similarly subject, with heredity as a major aetiological factor. 
